We consider standard robust adaptive control designs based on the dead-zone and projection modifications, and compare their performance w.r. norm of the disturbance is known, it is shown that the dead-zone controller outperforms the projection controller when the a-priori information on the unknown system parameter is sufficiently conservative. For simplicity the results are presented for a scalar system and generalizations are briefly discussed.
Introduction
It is well known that adaptive controllers are susceptible to phenomena such as parameter drift even when small disturbances are present. To overcome such problems, a number of standard techniques are widely utilized, such as dead-zones, (T modification, projection modification [5] etc.
Each of these designs have advantages and drawbacks. For example, dead-zone modifications require a-priori knowledge of the disturbance level, and only achieve convergence of the output to some pre-specified neighbourhood of the origin (whilst keeping all signals bounded). In particular if the disturbance vanishes, then the dead-zone controller does not typically achieve convergence to zero, the convergence remains to the pre-specified neighbourhood of the origin. On the other hand, projection modifications generally achieve boundedness of all signals, and furthermore have the desirable property that if no disturbances are present, then the output converges to zero, however, an arbitrarily small Lm disturbance can completely destroy any convergence of the state.
This illustrates that in the case of asymptotic performance, there are some known characterisations of 'good' and 'bad' behaviour. However, there are many situations in which we cannot definitively state whether a projection or dead-zone controller is superior even when only considering asymptotic performance. Furthermore, the known results, as with most results in adaptive control, are confined to non-singular performances, ie. without any consideration of the control signal.
The goal of this paper is to compare dead-zone and projection based adaptive controllers with respect to transient performance. Furthermore, the transient performance measure will be nonsingular (ie. penalise both the state ( 5 ) and the input ( U ) of the plant); specifically we will consider cost functionals of the form:
We will identify a circumstance in which the deadzone controller is superior to the projection controller w.r.t. P . 
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one can rewrite
foiiows:
Robust Modifications to the Control Design
It has been shown that even a small L " disturbance may cause a drift of the parameter estimates 8, see eg.
[l]. The adaption law 6 is often modified to avoid this problem. We briefly describe two popular methods, i.e. dead-zone and projection (see e.g. The size of the disturbance is necessary a-priori knowledge in order to define the region Ro.
Projection is a alternative method to eliminate parameter drift by keeping the parameter estimates within some a priori defined bounds. Let us define the convex set
where P is a smooth convex function. Denote rIol dII,the interior and the boundary of II respectively and observe that V 6 P represents an outward normal vector at 8 E BIT. The idea behind this method is to project the3daptatipn law T on the hyperplane tangent to X I at 8 when 8 is on the boundary BII and r pointing outward i.e.
I (I-
if 6 E XI and VgPT7 > 0.
The modified adaptive law is taken to be 6 = P T O~( T ) .
Specific System and Controllers
The goal of this paper is to establish a comparison between dead-zone and projection methods on a scalar system with a = 1 and 4(x) = x, ie. consider the following system:
Consequently we define the dead-zone and projection controllers ED(^) and E:P(emax) as follows:
~~( 7 7 )
: ~( t ) 
Statement of the Main Result
We will compare the performances of the controllers with respect to the following worst case non-singular transient cost functional P , defined as follows:
We are not concerned in this paper with the comparison of asymptotic performance, this has been studied previously, see eg.
[5] and the references therein.
The main theorem in this paper is as follows: we have: Then similarly to (6), l l u l l~~ = CO, and that is a contradiction. Taking T3 = max(T1,Tz) we have that
W>T3 b > 6 * ; E -S <~X < E + S ( 8 )

Now we choose d(.) as follows
E t < T 3 -E t >T3 d ( t ) = (9)
With this choice, by causality, (8) holds also, and it can be easily shown that the whole proof from the beginning is also hold for the case that d = -E ; hence withthe choice of d given by equation (9) we have Ox --t -E as t -+ cy). Since 
8(T3)x(T3)
<
3T3 5 T < CO 3.t. f?(T)x(T
So look at U(T), we see that h(T) = ( a 2 -aO)x(T) -x ( T )~
Note that by 
It follows that 3T > 0 s.t.
Pl[O,T](C1(4 d ( * ) ) ,
2) 2 M and also 6(T) 2 M . Let Omax = 2&T) 2 2M. Then the unmodified and the projection design are identical
Since this holds for all M > 0, this completes the proof, 
Proof:
Due to switching nature of the dead-zone, all our differential equations have a discontinuous right hand sides, for which the classical definition of solution is not valid, we therefore consider solutions in a Fillipov sense. A complete proof of stability can be found in [2] . A brief sketch of the proof is as follows: The aim is to establish good characterisations of the classes of problem in which one controller should be used in preference to another. The result of this paper represents a step towards these more general results.
Proof: This is a simple consequence of Proposition 3.3 and Proposition 3.4.
